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DEVICE AND METHOD FOR ACTIVE NOISE 
CANCELLATION IN AN EXHAUST GAS 
CHANNEL OF A COMBUSTION ENGINE 

STATE OF THE ART 

The invention relates to the ?eld of active noise cancella 
tion in an exhaust gas channel of a combustion engine. The 
patent EP 0 840 285 already discusses a device for active 
noise cancellation, With means to receive a sound signal from 
the exhaust gas channel, means to generate an anti noise 
signal, Which, When acoustically coupled to the sound from 
exhaust gas channel, the result Will be cancellation of both 
signals, resulting in reduction in noise. 

ADVANTAGES OF THE INVENTION 

The invention With the features of the independent claims 
has the folloWing advantages: 

The invention provides a device and a method to reduce the 
noise in the exhaust gas channel of a combustion engine, 
taking into account also the sound re?ections caused by an 
obstacle located near the exhaust gas channel opening. This 
Will result in comfort for the driver especially When the car is 
being parked and the exhaust gas channel may be near to a 
Wall or near to another vehicle. 

Further improvements and/or advantages are realised by 
the features of the dependent patent claims. 

The major frequency component of the noise in the exhaust 
gas channel is estimated based on the engine speed. This 
involves only a simple but ef?cient computation. 
As the pre stored data records are used to compute the 

dynamic part of the noise compensation, the control logic 
becomes simple and more e?icient. 

The relationship betWeen the anti noise signal and the 
distance betWeen an obstacle and the exhaust gas channel is 
available as pre stored data record, simplifying the computa 
tions at run time. 

Also as the pre stored data records are created off line 
during application phase of the engine, large and accurate 
data can be stored. 

SHORT DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the invention according to a ?rst embodiment 
FIG. 2 shoWs the invention according to a ?rst embodiment 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS OF THE INVENTION 

FIG. 1 shoWs an active noise cancellation device 10 con 
nected to a combustion engine 100 and to an exhaust gas 
channel. The combustion engine 100 is connected to an 
exhaust gas channel 102, 106 and 110. The exhaust gas chan 
nel includes a central muf?er 104 and rear muf?er 108. The 
combustion engine is connected over line 112 to the signal 
generator 200. The output of signal generator 200 is con 
nected to a digital ?lter 202. The digital ?lter 202 also receives 
inputs from the calculation means 212. 
An obstacle 300 near the exhaust gas channel 110 causes 

the sound 300 to re?ect in the surroundings. The re?ections 
are shoWn as 304. 

The distance 306 betWeen the obstacle and the exhaust gas 
channel, in?uences the sound re?ections 304.A device Which 
is not shoWn in the ?gure and Which is external to the active 
noise control device, measures the distance 306 betWeen the 
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2 
obstacle 300 and the exhaust gas channel 110. This distance 
306 is delivered to the calculation means 212 as a distance 
value 308. 
The calculation means 212 refers to the pre stored data 

records 210 in order to control the ?lter 202. The output of the 
digital ?lter 202 is given to an ampli?er 208. The ampli?er 
output is given to the sound converter 114 Which is in close 
contact With the exhaust gas channel. The exhaust gas channel 
has a sound sensor 116 placed in it, output of sound sensor 
116 is connected to the calculation means 212. 
The combustion engine 1 00 mixes fuel and air in a cylinder, 

Which is ignited, resulting in kinetic energy to move the 
vehicle. The residual from the combustion engine passes 
through the exhaust gas channel 102, 106 and 110. The 
exhaust gases cause noise in the exhaust gas channel. To some 
extent the muf?ers 104 and 108 help in reducing the noise 
generated by the exhaust gases, but the additional noise 
reduction is done by the active noise cancellation device. 

The active noise cancellation device typically operates by 
creating an anti noise signal Which has same frequency as 
noise signal, is equal in amplitude and opposite in phase With 
noise signal Which needs to be reduced. When the noise signal 
and the anti noise signal are acoustically combined, the tWo 
signals effectively cancel one another, signi?cantly reducing 
the ?nal sound, emitted into the surroundings of the exhaust 
gas channel. 

Also the sound signal generated to reduce the noise signal, 
can be used to have a particular sound design in the surround 
1ngs. 
The invention suggests a device Which Will reduce the 

noise in the exhaust gas channel of the combustion engine 
also taking into account the re?ections of the sound caused by 
an obstacle near the exhaust gas channel 110. 

In FIG. 1, the signal generator 200 receives the initial 
parameters like engine speed, engine load etc. from the com 
bustion engine 100 over the connection 112. The major fre 
quency component of the noise in the exhaust gas channel 
Will be directly dependant on the engine speed. The noise in 
the exhaust gas channel is generated When the exhaust gases 
rush into the exhaust gas channel. The frequency of the 
exhaust gases rushing into exhaust gas channel is dependent 
on the revolutions of the crankshaft, number of cylinders and 
number of strokes used in the cylinders of the combustion 
engine. 
The major component of the noise in the exhaust gas chan 

nel consists of the base frequency Which is a function of 
engine parameters as explained above. But the noise signal 
Will also have noticeable energy in the harmonics of the base 
frequency. 
The amplitude of the noise signal is dependant on the load 

of the engine. Based on the initial parameters, the calculation 
means 212 computes the base frequency of the noise gener 
ated in the exhaust gas channel. The signal generator 200 
generates the estimated base frequency and its harmonics and 
feeds them to the digital ?lter 202. The digital ?lter 202 is 
shoWn as a single block but may consist of plurality of ?lters 
to generate a set of frequencies. The parameters of the digital 
?lter 202 are controlled by the calculation means 212 to 
generate the anti noise signal With appropriate amplitude and 
phase to reduce the noise in the exhaust gas channel. The 
output from the digital ?lter 202 is given to an ampli?er 208. 
The output of the ampli?er 208 is used to drive a sound 
converter 1 14 like loud speaker, Which is placed in the exhaust 
gas channel. The outlet of the speaker enclosure and exhaust 
gas channel are positioned such that the acoustic coupling 
betWeen the exhaust gas noise and anti noise signal, result in 
a signi?cant reduction of the total exhaust noise level. 
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The static part of the noise reduction is done by estimating 
the base frequency using the engine speed and engine load 
parameters. Any correction required for the static part of the 
noise reduction is available in the pre stored data records. 
These data records are stored during the application phase of 
the engine test, during Which the engine is tested under dif 
ferent conditions and the needed parameters are stored in the 
data records. The base frequency and its harmonics are gen 
erated With appropriate amplitude and phase and through the 
?lter, ampli?er and sound converter, the anti noise signal is 
?nally mixed With the noise in the exhaust gas channel to 
reduce the noise. 

The dynamic part of the noise reduction is done using the 
feedback loop from the sound sensor. 
Any residual noise Which remains in the exhaust gas chan 

nel 110 is received by a sound sensor 116. The sound sensor 
may be a microphone or any similar transducer. The sound 
sensor 116 produces an exhaust noise feedback signal Which 
is transmitted back to the calculation means 212. The exhaust 
noise feedback signal represents residual error betWeen the 
exhaust noise and the anti noise signal. 

The calculation means 212 and the signal generator 200 
Will use the feedback signal along With the pre stored data 
records to ?ne tune the parameters of the digital ?lter 202 so 
that the resulting sound in the exhaust gas channel is at mini 
mum level for the given conditions or for sound design. 

The active noise cancellation explained above is a typical 
concept used in an automobile. The invention extends this 
concept further to handle sound re?ections 304 caused by an 
obstacle 300 near the exhaust gas channel 110. The obstacle 
300 may be a Wall or another vehicle, typically encountered 
during parking of a vehicle. The obstacle 300 near the exhaust 
gas channel 110 causes in the sound sensor 116 an overlay of 
sound signals from the ?nal muf?er 108 and re?ected sound 
304. This Will result in resonances and also ampli?cation of 
some selected frequencies. 
The in?uencing of the acoustic behaviour of the active 

noise cancellation device by the re?ected sound 304 can lead 
to unWanted behaviour of the device, e.g., to an unstable 
behaviour With the production of disturbing sound signals. 

To overcome this problem a correction needs to be applied 
for the anti noise signal generated to cancel the noise in the 
exhaust gas channel. The correction depends upon the dis 
tance 306 betWeen the obstacle 300 and the exhaust gas 
channel 110. The distance 306 is measured by a distance 
measuring device Which is not shoWn in the ?gure and Which 
is external to the active noise cancellation device. 

Distance measuring devices at the rear of the vehicle, are a 
state of the art. These distance measuring devices use a trans 
mitter and a receiver. The transmitter transmits a signal and 
the receiver receives the signal re?ected by an obstacle. The 
time difference betWeen transmission and reception of the 
signal is processed and the distance betWeen the transmitter 
and the obstacle is computed. The distance measuring devices 
in the vehicles do the distance measurements in real time and 
inform the user through audio or visual indicators about the 
obstacles near the rear of the vehicle. This information Will be 
useful especially during parking of the vehicle. 

Different distance measuring devices may use different 
techniques for measurements like ultrasonic sensors, radar 
sensors or lasers etc. 

The invention proposes that the active noise cancellation 
device 10 receives one or more distance values 308 from the 
distance measuring device. 

The calculation means receives the distance values 308. As 
a function of the distance values 308 the anti noise signal is 
either made in-active or a suitable correction is applied to the 
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4 
anti noise signal Which is used to in?uence the noise in the 
exhaust gas channel. The correction values are determined for 
different distance values 308 during the application phase of 
the engine and stored as part of the pre-stored data records 
210. 

For the determination of pre-stored data, a test engine of 
type of the later engine is used. Beside fabrication tolerances, 
test engine Will have similar characteristics as that of the 
actual engine in the vehicle. 
The active noise cancellation device 10 is housed in a 

casing With input connection 112 for connection With engine, 
input connection 214 from sound sensor, input connection 
308 for connection With a distance measuring device, an 
output connection 209 for sound converter and other required 
Wiring for poWer supply. 

The digital ?lter is shoWn in the FIG. 1 as separate element 
as an example. But the digital ?lter can also be built into the 
signal generator. 

FIG. 2 shoWs another embodiment of the invention. Here 
100,102,104,106,108,110,112 and 114 are same elements 
as shoWn in FIG. 1 and have the same functionality. The 
electronic device used for active noise cancellation is inte 
grated into the existing engine control unit 400. 
The electronic control unit 400 does the complete control 

and monitoring of the vehicle engine. The functionality of 
active noise cancellation is made part of the engine control 
unit 400 by integrating the signal generator, ?lters, ampli?er, 
calculation means and data records as a single unit. 
The invention claimed is: 
1. A device for active noise cancellation in an exhaust gas 

channel of a combustion engine, comprising: 
means for receiving a sound signal from the exhaust gas 

channel; 
means for generating a frequency signal to in?uence the 

sound generated in the exhaust gas channel; 
calculation means for receiving the sound signal and gen 

erating control signals to in?uence amplitude and phase 
of the frequency signal; 

Wherein said device receives information about a distance 
of the exhaust gas channel from an obstacle and uses said 
information to modify the frequency signal. 

2. The device of claim 1, Wherein the information about the 
distance of the exhaust gas channel from an obstacle is pro 
vided by a device that is external to the active noise cancel 
lation device. 

3. The device of claim 1, Wherein the means for generating 
the frequency signal receives a speed signal of the combustion 
engine and derives a ?rst frequency signal dependant of the 
speed signal. 

4. The device of claim 1, Wherein the means for generating 
the frequency signal further generates harmonics of a ?rst 
frequency of the frequency signal. 

5. The device of claim 1, Wherein the calculation means 
uses pre-stored data records giving a dependency betWeen an 
engine speed, an engine load, and the phase and amplitude of 
the frequency signal. 

6. The device of claim 1, Wherein the calculation means 
uses pre- stored data records giving a dependency betWeen the 
frequency signal and the distance of the exhaust gas channel 
from the obstacle. 

7. The device of claim 1, Wherein the calculation means 
receives a feedback signal from a sound sensor and derives 
the control signals for a signal generator and ?lters. 

8. The device of claim 5, Wherein the pre-stored data 
records are derived during an application phase Wherein the 
engine is tested under different conditions and the data 
records are stored. 
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9. A method of operating an active noise cancellation modifying the frequency signal using pre-stored data 
device to cancel noise in an exhaust gas channel of a combus- records of a dependency betWeen the frequency signal 
tion engine, the method comprising: and the distance of exhaust gas channel from the 

receiving a sound signal from the exhaust gas channel obstacle; and 
through a sound sensor; 5 acoustically coupling the frequency signal With the sound 

based on the received sound signal, generating control generated in the exhaust gas channel using a sound con 
signals for a signal generator and digital ?lters to in?u- verter to in?uence the sound generated in the exhaust gas 
ence amplitude and phase of a frequency signal; channel. 

receiving information about a distance of the exhaust gas 
channel from an obstacle; * * * * * 


